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I 

FROFBSSOR ANDERSOfi'S BXBBRIM&STS. 

A 8«rl«s of txperliMnts on the oozLduotiTlty of 
thin air fllme at pr«asar«8 varying from atmospherlo 
to 2 na. of m^roiiry w«r« oonduotsd under th.e direction 
of Frof. A. Auderaon, and reported by Mm In the Fhll- 
oaophioal lHagazine for May, 1912, and for August, 1913. 
These ezperimenta were conducted vith very low potentials, 
"Kifl figures mentioned varying from 30 to 100 volts. The 
distance between the electrodes was as great as .005 om. 
and the and areas of the electrodes varied from 1*15 a^. 
in. to 7 sq. cm. 

In his earlier article, Frof. Anderson thinks 
that currents pass "for voltages muoh lower than 30 volts, 
and for dlstanoes between the electrodes muoh greater than 
that of one wave length of sodioa li^t." In fact, he 
says, a decided current passes for a difference of poten- 
tial of 30 volts whex- the distance between the electrodes 
is as great as .005 om. nothing Is said in the earlier 
article as to whetber or not the air between the plates 
was dry and dust £ree. 
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Th* following Is a 1krl«f sxuomary of the rtsults d«- 
8orib«d lu the second article. 

Two brass electrodes with end areas of 1.15 sq. om« 
were set In parjt^in blocks so that an air film of on- 
iform thickness of .008 oa. was included between them. 
These electrodes were incased in an earthed copper box 
which was nearly air tight. Hry and dxist free air was 
passed through the box at intervals for several ds^s. 
It is claimed that a current passed between these eleo- 
troded when the applied Toltage was "very small" and 
that this current increased with the applied voltage 
according to Ohms law up to about 80 volts, and aiuch 
more rapidly for higher Tolteges. It la stated further 
that aa the air pressure was decreased, the current de- 
creased, finally disappearing at £ mm. of mercury. Vhen 
air was afterward admitted, the current again increased 
but did not follow the same ourre, showing a decided lag. 

Prof. Anderson, in this paper, does not state 
what he meems by I'Tery low voltages", nor does he give 
either the sensibility of his electrometer nor the mag- 
nitudes of the currents obtained, so it is impossible 
to tell what he means by "decided currents". The only 
quantitative results given are for a difference of po- 
tential of 100 volts. The magnitude of the current ia 
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this oaa« varied from £.8 z 10" afflp«r*8 at atmosphvrio 

—13 

pr*88ar« to 1.3 x 10 aaptrts at 6 am. pr«s8ur*. 

It haa hitherto baAii thought that for a giT«n gaa 
at a givan prassara thara is a oartain potantiaL diffar- 
euoa 1>alow whioh aa ourrant oan ba mada to pass through 
tha gas sap* no mattar bow olosa togathar tha aSiaotrodaB 
ba pletoat. '^:Thi8 potantial for air at atmospharlo pras- 
artr» has baau anppoaad to ba about 260 volts* 

It is trua that soma azparinants by Barhart saam- 
ad to show that currants pass whan muoh lowar TOltagas 
are applied provided tha alaotrodaa are olosa enough to- 
gether*'^' Barhart obtained a current for potentials as 
low as 36 velts whan the eleotrodes ware placed .00003 
OB* a^ari* Vhen the eleotrodes were aa far apart as 
•OOOS oa*»OHa-tenth the alnlnnim distance mentioned by 
Prof* Anderson, he found that it required 350 volts to 
cause a ourreut to pass* Pathermore, this currant was 
In the nature of a short circuit, and not a slow leak- 
age ae described by Frof, Anderson* Henoe these results 
are in no way analogous to Prof* Anderson's resultSf 

(1) Townsendi loniaatlon o* Sases by Collision - p, 80, 
(S) Phil, Uag*, 1901; p. 147. 
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tl» currtnt obtaintd 'btlng of a maoh greater order of 
magnitude, and the electrodes being many tlmea closer to- 
gether. 

(1) 
It has later been shorn by J. E, Almy that the 

resalts of Earhart were vrongly Interpreted, and that 
the ourrent did not pass through the air under these 
conditions but that the potential differenoe between the 
eleetrodea ptaied them together, oaoslng actual oontaot* 
]Cr* Almy showed that, when the electrodes were rigidly 
fastened, no current would pass for applied potentials 
leas than 350 volts, even when the electrodes were so 
close together as Ana-Half the wave length of sodlxun light 
(.00003 OB.}. It must be stated, however. In Juatlsa to 
Prof. Anderson, that both Barhart and Almy were. In all 
probability, looking for a oonrparativelyAOurrent, and 
might easily have overlooked so small a one as 3 x 10 
amperes. 

In e^lanation of his results. Prof* Anderson of- 
fers the following theory. 

"Everything, therefore, points to the formation of 
Ions In the surfaces of the film of air In contact with 
the ends of the bars, which become available as carriers 



(1) Phil. Mag,,-Se/oi-., ;9os. 
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wh«ii th« opposing aarfao*8 ar* olos* •nough. Th*s* Ions 
oan be removed by rtmoTlng the air; and when the air Is 
Introduced again, the; are again formed, but not Instanta^ 
neoualy. This formation requires time* ^t Is probable that 
8uoh layers of ions exist at the surfaoes of all bodleA 
In contact with the air, and that they play a proEoiniat 
part In coherer action and In all cases of the disoharge 
of bodies by contact," 
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II 

7IB3I SET OP EZPERIHBNTS. 

$h» pnrpos* of our work waa to throw farther llgjht 
on the matter takwa up ty Prof* Andsrson, first, tj da- 
plloatlxig his •xp^rimeuts as far as poseibl*, showing 
that his results war* not du* to uxUniown local factors, 
and s*oond tj noting tha rssalts of Tariations in tha 
apparatus* 

Th« praotieal difficulties involTad in m«asuring 
a currsnt as small as that found by Prof. Andarson wara 
T«ry graat. An axtr«maly sanaltiTe slactromatar had to 
bs ussd, and it was a mattar of oonsidarabla difficulty 
to •liminat* all affvots oth«r than thosa sought. 

In OUT first sst of axpariniant8,tha alactrodss oon- 
Bistad of brass bars with earsfolly plantd ands of about 
1*2 sq, om. arsa* Thasa wera mountad on parrafin blooica 
fas wart Prof* Andarson's) aad wara sat at the daairad 
distanoa apart by prassing them against a thin shaat of 
mica whila the paraffin was soft, letting thsm set, and 
then removing tha mioa. These ware incased in a bell- 
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jar, th« •l«otrod«s b«lng oonnaottd to platinum wlr«B 

(1) 
fased through tfa« glaaa. Th« bell-Jar was oonnvotcd with 

an aspirator, for varying Idie pr«a8ar*« 111 Ar admitted 
to tha Jar was passed through salphurio aold and phos- 
phorus pant-oxLda to ramoTe th« molstars, and through 
tightly packed glass wool to ramoTS the dust partislss* 
Th« phosphorus pant-oxids was spread OTar broken pununioe 
stone, to present as large a svrfaoe as possible to the 
air. A bottle of phoaphoms pent-Ozida thus arranged 
was also placed between the aspirator and the Jar to 
prevent moisture from entering the jar from this souroe* 

All eleotromater connections were screened from 
induced currents by incasing them in glass tubes, wrapped 
with tin foil i^ioh was grounded. Tha wires ware kept 
out of contact with the glass tubes by sulphur plugs. 
The switches, In the first apparatus, consisted merely of 
cups in paraffin blocks filled with mercury, connected or 
disconnected at will by a bent wire with an insulating 
handle, ^ese switches ware Incased In wire oages. 

Uany difficulties Immediately presented th«Di BcG.Tas 
with this apparatus* In the first place, the paraffin 
blocks would gradually shift, and It was therefore dif- 
ficult to keep the electrodes at the desired distance 
apart, and to be sure that they were not touching. 

(1) See p 25; Pig. IV. Ogtzec ay^^^OOgle 
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As tbt b»ll-jar liad only on* opening. In ordar to 
pass in dry air it was aaoeasary to pnMp th« air out and 
allow mor« to antar saooasslTtly. This, of ooorst, had 
to bo dono a larg* nnmbar of tlmos, and aTvn than it is 
doubtful whatnar thera was not still some moist air In tha 
Jar. It was aspaoially difficult to maka sura of this 
point baoausa of tha fact that tha Jar had to ba fraquantly 
opanad to tha moist air of tha room to adjust the aleotrodas. 

It was found that tha sulphur plugs, with whiob tha 
wires ware separated from their Inoaaing tubes, tha par- 
affin switohas, and tha paraffin blooks on which tha eleo- 
trodes ware sat, all easily acquired charges which were very 
difficult to remove.. These charged the wires leading to 
the electrometer, giving rise to all sorts of erratic ef- 
feots. 

Furthermore, although tha switch handles ware of in- 
sulating material, and the switches were encased in ground- 
ed wire oages, a slight motion of the hand in the neigh- 
borhood of a switch would almost inrarlably cause a deflect- 
ion of the electrometer needle. 

The results of the ezperlm«n.ts with this apparatus 
ware, for the most part, too erratic to bear much weight, 
but at times things seemed to work fairly well and a few 
runs were made which checked aaoh other in a vary genar- 

DnitizecayV^iUUQlC 
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al sort of a way. Thts* mns seeotsd to show th« cz- 
iatano* of aach an affvot as Prof, Anderson desorl'bts. 
Thar* was appartntly a currant of tb* sam* g«i«ral or- 
lar of magnituda as that mantlonad, Tliara aaamad to ba 
soow avidanoa that this ourraut daoraasad with air pras- 
sora* Bayond this wa could Tantura no oonclnslons* 

This ourrent may hara baan dua to tha oausas as- 
algnad by Frof • Andarson* to tha prasanoa of molatura or 
dust in tha air, to a surfaoa laaikaga ovar the paraffin, 
or to soma unknown outside causes* It could not very 
wall have been dua to induction, as this would have 
given a permanent deflection and not a steady leak* 
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Ill 

SBCOHD SET OF EXPERIlQillTS. 

In OUT aao'oncL 8«t up sevvral Important ohangfts 
w«r« mad** Instead, of sstting th« •l«ctrod«a in par- 
affin blocks, th«y w»r« rested in a grooTe in an ambeer 

(1) 
bar. iThe adrantages of this arrangement were: (It the 

electrodes remained firmly in plaoe whan onoe set, re- 
lierizig us from the necessity of constantly opening the 
container to the damp air of the room in order to adjust 
them; (Z) they could easily be set at any desired dist- 
ance apart; (3) the troublesome static charges in the 
paraffin supports ware done away with; (4) ambe^r insu- 
lation being far better than paraffin, the chance for cur^ 
rent leakage other than across the gap was very greatly 
lessened. 

The electrodes ware enclosed, this time, in an 
earthed brass box. The lead wires were brought in 
through ambeer plu^, set air tight. Two air openings 

(1) See Pig. Ill; p 24. 
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aif be. 

irar« male In the box so that i;ttx' could. pssaed through 

for any desired, length of tlae. This did away with the 
troublesome pumping out and letting in of air, and enabled 
us to make sure that the air In the box was thoroughly 
dry and free from dust* 

The wires enclosed In glass tubes with the trouble- 
some sulphur plugs were removed, and all connections were 
made through brass krods, set with sealing wax in grounded 
brass tubes. This sealing wax did not seem to biefeolw 
charged as readily as the sulphur and ooxild easily be heat- 
ed with a bunsen burner to drive off what charge there 
was, and to free the surface from moisture. The old 

paraffin switches were replaced by a much more satlsfac- 

(1) 
tory devioe. A brass cup was melted into the end of a 

stick of sealing wax. This cup was filled with :iercupy. 

This cup was connected to ground and the electrometer 

anti 
was grounded^disoonneoted from earth at will by lowering 

or raising the wire connected to two quadrants of the eleo- 

trometer. This wire dipped into the mercury cup, and 

was raised and lowered by means of a string. The entire 

switch was enoased in a eage of wire ganae connected to 

earth. The inside of the brass cup, and the end of the 

wire which dipped into the .jeroury was amalgamated to 

prevent contact difference of potential. This switch 



(1) See Flg*S I & II, pp 23 & 24. Dnitizec ay^^^OOglC 
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worktd DKioh batttr than th« on* uaftd in th* first 8*t 
up* Th« staling wax did not saslly b*oom« ohargtd, 
and nhan it did so th« oharge was r«moT«d by h«ating 
with a bunssn bnmar. Tba faot tbat th« switdh oould 
b« opsratad at a distano* madt it possibls to plao* 
fh* sntira apparatus, axoapt tbs taltscopa and soala, 
at a distanoa from the obsarTsr. Tba arratie daflaot- 
ions daa to moTlng the body in. the neighborhood of the 
-se aly ware thus done away with. 

The method used for determining the magnitude 
of the current was based on the faot that current 
equals the rate of change of quantity. In order to 
compute the magnitude of a current by this method, it 
was neoessary to kaow the constant deflection for a 
known difference of potential between the quadrants 
and the capacity of the system. The capacity was de- 
termined by the ordinary method of mixtures. First, a 
standard cell wa« connected to the electrometer and the 
deflection noted. The cell was then disconnected and 
the charge divided between the electrometer system and 
a standard condenser and the deflection noted. The 
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oapaoit; was th^n compntsd from Mhe relation: 

0/(0+0.) : Dg/Di 

wh«r* C la tht oe^aolty of the electrometer system, 

C that of the standard condenser, B the defleotlon 
■ 1 

without the condenser, Dg the defleotlon with the oondens- 

The capacity of the electrometer system w^ so 
small that It could not he compared with an ordinary 
micro- farad condenser. A standard condenser was there- 
fore made, whose capacity was easily computaltle from 

to) 
its dimensions. The condenser was constructed as follows: 

Two hrsss tutes, one smaller than the other, were 
out of equal length. The larger tube was placed on seal- 
ing wax supports. The ends of the smaller tuhe was plxig*- 
ged with oor:Et:s and a brass rod about a foot* longer than 
the tubes was passed through the center. This tube was 
erupported inside of ISie bigger one by resting the ends 
of the orojeoting rod on sealing wax supports. The 
tubes were adjusted by heating the wax supports slightly 
and shifting until the tubes were concentric. The outer 
tube was grounded and the inner one w«s connected to the 
apparatus as described above. The capacity of this oon- 

(1) I'or data aAd detailed computation of sensibility, 
see p.i^S el- se^. 

(2) See Fig. V, p 25. 
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dftns*r was 150 «l6otroatatlc xmlts* Th.e 8eiialbilit7 of 
th« galTaiiom*t«r waa found to suoh tliat a dhaAg* in d*- 

fltotion of 1 mou par aaoond would b« obtained for a 

X * « ^ -,^"13 fl* 

currant of S.6 x 10 amparas. 

Althongb a Tary gr^at improTamvat ovar tha first, 

this saoond apparatus fall far short of giving antlra 

satiafaotlon, Statlo chargas still botharad at timaa, 

and aa tha sat up was not eompSiatad until warm weathar. 

It was foiznd to ba cilmost Imposslbla to allmlnata leak- 

aga antlraly* Tha antlra apparatus waa plaoad orar an 

alaatrlo haatar with a Tlaw to allmlnatlng this laakaga, 

but tha haatar was found to «a^tti such dlsturbanoas in 

tha alaotromatar that tha schama had filially to ba a- 

bandonad* 

Thar* wara tlmaa, howavar, whan tha apparatus 

workad rathar conslstantly and It was at thesa tlmas 

that tha obearvatloas rafawrad to In the naxt saotlon 

wara takan* 



(1) Sas p. 
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BS3DI.73 ASD GSSERAL DISCUSSIOH. 

As 8tate& in the last sttotlon, •T«n aft«r all tha 
prtoautloas dasoribttd had hftcn takazi, th« «leotromat*r 
Btlll 8how*d vrratlo hahavior at tlmas. On at laaat 
four oooaslons, howavar, tha aleotromatar baharad oon- 
Blatantly. The atatio chargas war a small, oaasing a 
pariaanant daflaotlon of about 1 em, on dlsoonnaoting ona 
pair of quadrants from aarth, Thara saams to ba no 
raaaon i6xj this initial daflaotlon should Intarfara with 
tha dataotion of a ourrant, thou^, to ba sura, it might 
Intarfara with tha datarmination of tha axaot magnituAs 
of that ourrant« wara auoh axaot datarmination daslrad* 
On two of thaaa oooasloiui, the alaatromatar showad no 
laakaga, •r^n whan tha quadrants wara so charged that the 
naadla had a parmaaant daflaotlon of 300 mB« Tha iaa£M«, 
than, must have bean Tary slight Indeed where the oharga 
was only saoh as such as to oause a defleotion of a oenti- 
matar or two, as would hare been the case vii»n the aleo- 
tromatar first began to oharga up due to tha current pas- 
sing teMssi;tha air gap. On two other oooasions there 
was eonslderable leakage irtien the quadrants wara charged 
BO high as to give a deflaation of 300 mm, this leakage 
amounting to five or six oentlmetars par minute, but 
even on these oooasions, the leakage was barely peroept- 
able when the Quadrants were charged so as to gif»^-a^ai-^^^ 
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flection of fOMT or fiT« c^ntimettrs, IDha following 
•zperimeiita wtre trlod on aaoh of tha four ocoaaiona, 
with tlie same result In aaoh oast* 

!Dhe •laotrodcs were placed .003 om« apart. One 
pair of gaadraats of the electrometer was pounded and 
the cUier pair connected to one of the electrodes. One 
terminal of an 86 Tolt battery was oonneoted to the 
other electrode, the other terklnal of the hattery be- 
ing grounded. Dry air was passed through the |tox. 
At first a decided current passed, but after passing the 
dry and dust tve air through the box for four or five 
hours, absolutely no current could be detected. When 
tha pair of quadrants i^lch was connaotad with the 
electrode was. first disconnected from ear'Ui static charges 
would cause, as stated, a permanent deflection of about 
a centimeter. That this charge was really due to static 
charges on the supports was proven by the fact that it 
would be obtained regardless of whether the klidtromater 
was connected to tha eleotrode or not. After this ini- 
tial deflection the needle would come to rest, and no 
further deflection could be observed even In so long a 
time as ten minutes, the pressure In the box being atmos- 
pheric. 

-13 

Our sensibility was such that a current of 2*6^0 antp's 

should have caused a deflection of of 1 bob* per second, 

DnitizecayV_i(.)*.)Vlt^' 



, Google 



(17) 



thai is, of six om. ptr ml^ut** A dafl«otion of 1 om. 
In t«n mluutts would hare bsan •asll? obsarvabls, henoe 
it s««ma certain that no onrrent greater than 5 z 10~ 
passad through the air gap. 

As atattd aboT«, Prof. Andsrson, in his stoond paper, 
Bp«akB of"d«oid«d oxirr«nts" and "low Toltagsa" and sino* 
h« makes no mention of the sensibility of his eleotrom- 
•ter, it is impossible to tell lAiat he neans by these in- 
definite terms. Shat the "low voltages" meazu TOltagee 
axLch lower than eighty is eertain £fcd the faot that he 
says that the onrrent increases acoording to Ohm'« law 
up to 80 Tolts applied potential. The only figures ment- 
ioned by hiB for currents Msoins at atmospheric pressure 

-13 
are 8.6 x 10 amperas for an applied potential of 100 

Tolta when the eleotredea are .COS om. apart and their 

end areas 1.16 aq. cm. In our experiments, the applied 

potential was 65 volts, the distance between the electrodes 

.003 em. and the end areas of t^e eleotrodes l.S sq. om. 

Our Taltage was tiierefore slightly smaller than Prof. 

Anderson's largest, and our sir gap slightly thicker than 

his thinnest, but on the other hand, the end areas of our 

aleotrodea were slightly greater than his. In all respects 
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m w«r« far within tho limits within whioh Frof« Andar- 
8on obtainad "d«oid«d onrrantB"* Since, as pointed out, 
wa should hava baen abla to obsarra a ourrant 100 timaa 
aaa&lat than the ona mantionad by him, It saaou raaaon- 
ablo to sapposa that had thare baan any suoh affect as 
ha dascrlbas, that wa should hava baan able to dataot.lt. 

Bafora discussing tha probable reasons for this dis- 
crepancy between our results and those of Prof. Andareon, 
wa should like to point out the following facts: , 

Our insulation at all essential points was ambeinr, f 
the bast of the common insulators, while that of Prof. 
Anderson was paraffin. Prof. Anderson passed dry and 
dust free air through his box "at interralB". Ifow wa 
found that a decided current passed when purified air 
had been p£UBsed through for only an hour, but that this 
current disappeared antirely when the dry air had baan 
passed through for four or five hours* Our air waa passed 
throu^ Bulphurlo aoi&, phosphorla pent-oxide and glass 
wool in succession. Praf. Anderson does not mention lAiat 
drying agents ha used. 

Ve think, therefore, that the effect desoribed by 
Prof. Anderson might have been due either to surface leak- 
age on the paraffin or to the presence of moisture and 
dust in the air, and not to the formation of a layer of 
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10318 at the axirfaot of th« matal as he sappossd* 

While, therefor*, wo admit that our reaulta are far 
from concIuslTO, the beat interpretation that w« oau 
make of them ralsea a douht in our minds as to the oor- 
reotnesa of Prof. Anderacn's ocncltisloas* W* feel that 
the matter at least warrants further investlgatloii. 

It is our sincere regret that time limitations haTe 
not allowed ns to go more deeply Into the matter, so 
that we might have obtained results that would have en- 
abled us to finally confirm or deny these conclusions. 
Before stating finally that theae conoluaiona are at 
faal4, the following changes should be made In the appa- 
ratus: 

The electrodes should be aet at least as close as 
•002 on. The slst of these electrodes might be Increased 
to advantage. The applied potential should be made at 
least 100 Tolts. 

If, as we believe would be the case, no current 
ahould be observed under these oonditlons when the air be- 
tween the electrodes is thoroughly dry and dust free and 
the insulations are made as neEirly perfect as possible, a 
little unpurified air should be admitted to the box* Our 
resulta ahow that a current would be obtained under theae 
conditiona. This current ahould then be carefully stu- 
died for different air preaaurea in the box. If the re- 
sults thus obtained agreed in form with those of Pro^. 
Anderson, it would seem reasonably pertain tnaT^he^«^ o 



, Google 



(20) 



f«ots desoribed I17 Prof. Anderson ware due to the presence 
of small amounts of dust or moisture In the air. 

If this was the case the results of his experiments 
oan easily be explained on the basis of meohanioal oonveo- 
tlon« A partlole in contact with the positive pole would 
become charged poaltlTely. It would then be repelled by 
the poaitiTe pole and attracted by the negative pole. On 
reaching the negative pole, it would give up its charge* 
become charged negatively and wpnld return to the positive 
pole with its negative charge* This process would be repeated 
indefinitely. Hence positive electricity would be conveyed 
across th« air gap from the positive to the negative elec- 
trode and negative electricity would be conveyed from the 
negative to the positive electrode. In other words, a current 
would be passing across the air gap. That an effect of this 
sort should exist except in cases where the air film is thin, 
could hardly be expected. If the air gap is wide, the repel- 
lent action of the positive electrode on a positively charged 
particle might not be sufficient to carry it within reach of 
the attracting force of the negative electrode. 

It would be expected that a current carried as described 
would decre^e with air pressure. When the amount of air 
in the ffilm Is relatively small, the nxunber of particles would 
be small, and hence there would not be so many available car- 
riers* The fact that when air was afterwards admitted the 
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onrrttDt did not immtdlat^ly inortasa might also ba vary taslly 
azplalntA on tha basis of this thtory. On admitting mora 
air to the box • a turbulant stata of motion was aat up* 
That Is, tha partlolas suspandad In tha alx possasaad fclnatlo 
anargy. Now If this klnatlc anargy wara sufflolant, tha 
faint attraotlva and rapallant foroa of tha alaotrodaa could 
not ba aipeotad to divart tha partlolas from thalr oouraa. 
Hanoa no oarrlars would ba avallabla and no ourrant would 
pass. fThe ob>ctlon might hara ba ralaad that tha air 
in the box must have also been turbulent while pumping out. 
This la of ooxirsa true, but whether the dlsturbanoe was 
graatast whan obserTatlons ware baisag taken while the pras- 
sura was being Increased or when thay ware being taken 
lAille tha air was being let into the box, wou2d depend entirely 
on tha arrangement of the cpparatua and the method of oon- 
duoting the experiments. 

It would be Tery interesting indeed to test out the varioua 
points mentioned in the above suggested e^lanatlon of Frof. 
Anderson's results. This could be dona without great difficul- 
ty, in ways which readily suggest themselves. 
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EZPLAB^IOH OF SIASRAltS. 

Ilg, I. Diadem of complst* stt up fs^oond set of •xp«rim«iitB) 

A. Quadrant Elsotronwtcr. 

B. Switch, oparatad by string. 

C. Bods wltli groundad oaslngs, osad for alaotromatar 

connaotlona. 
S. Air tight box oontalnlng alaetrodas. 
S..FrasBura gaga, 
F. 86 volt battary, 

3, Wash buttle containing salphurlo acid, 
a. Wash bottla oontalnlng Phosphorus pant-oxida. 
n. 17 tuba oontalnlng glass wool. 

Fig. II. Torklng parts of aaoond sat up. 

A. Slactromater. 

B. Switch. 

C. Air tight box with elaotrodas. 
S. Battary. 

E. Earth connactlon. 

Fig. III. Sketch of box with electrodaa. 

A. Brass bar with 1.2 sq. em. end area. 
B..Ssma. 

C. AmbeKr bar with groove on which brass bars are 
rested and notch to lengthen the effective in- , 

rJ!iili7PnnyV_Tl)l.)'jlC 

sulating distance between the bars. 
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D. iial>*))r pings. 

V^g. IT. Slan tell jar oontalnlng •l*strol*8 us*d in 
first e*t up. 

A. Brass bar, and araa l.S sq. am. 

B. Sams. 

C. F araffin support. 
S. Saaa. 

9ig. T. Standard oondansar usad to maasur* oapaoity. 
4. Braes tuba, connacted witti aarth. 
b. aqnllar brass tuba; connactad to alcctromatar 

systam. 
0. Saaling wax supports. 
d. Sanw. 
a. Brass rod supporting innar tuba. 
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Determination of Senaltlllty of Eleotrometer . 

Plrat, the oapaoity of the Bystem was computed aa fol- 
lom. The aystam vaa firat charged h; conaeotlng with a atand- 
ard cell, ao that the potential difference hetveen the quad- 
ranta vaa 1 volt. The cell vaa then dlaoonneeted and the 
charge divided between the ayatem and a atandard condenaer. If 
C be the capacity of the ayatem, that of the atandard 
condenaer, d the deflection for 1 volt, d, the dlffleo- 
tlon when the charge waa divided and T the potential in the 
latter oaae, then: 

C . T d. 



How to neaaiare the current aenalhllity of the electrometer; 

Itet q « no. of ooulomha received by the electrometer 
ayatem In one aecond, C > oapaclty in miorofarade, and v - 
rise of potential in volts per aec. IThan : 


q-^-v. 



But 



1 - q (alnoe current in amperes *• coulomba per aecond). 
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210 


72 


214 


75 


£22 


66 


£18 


69 


£17 


72 



C > ICO eleotroBtatic Tinlts. 

8 

r. L_ 



d - 4, " 

76 eleotrostatic units 



76 



miorofarads . 
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Vow tho Busponalon of the eleotrometer needle waa ohanged for 
a more aeneltlTe one after figuring the oapeioity. ObTioualy 
the oapaclty was not ohanged by this operation, thongh the 
senslhlllty was of cortrse Increased. Eenoe In oonipTitlng the 
sensibility the capacity aa oompnted above and the new defleetlon 
for 1 Tolt were used, 

Defleotlon for 1 volt (new snspenBion) - ZZO nm. 



10* d 



5ow, if we let 1 "be that current i^ich woal& oanae a ohanse 
of defleotlon of 1 mm. per second, di « 1 and this formula 
rednoas to 



1 
6 d- 



10 



-2^^*^-i 1- - 2.6-10-" amperes. 



9-10* 10* 3«° 



,•. a current of 2.6-10~ amperes vonld cause a change of 
deflection of 1 mm. per second. 
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